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A B S T R A C T   
Hispanic males are at risk for cardiovascular disease and consume high levels of sugar-sweetened beverages 
(SSB); yet, their acute vascular response to SSBs is unknown. Ten healthy Hispanic men (18–45 years old) 
consumed a SSB and reactive hyperemia was performed prior to, immediately following, and 1-hr post- 
consumption. Both peak and total (area under the curve) forearm blood flow were attenuated immediately 
following consumption but returned to at or above pre-consumption levels at the 1-hr test.   
1. Introduction 
Hispanics represent the largest minority group in the United States, 
comprising about 17.6% of the total population [1]. This population is at 
a high risk for obesity, diabetes, and many cardiovascular diseases 
(CVDs) as well as consumes high levels of sugar-sweetened beverages 
(SSB) [2–6]. Specifically, Hispanic males have about a 1.5 times higher 
prevalence of diabetes when compared to male non-Hispanic Whites [3, 
4] and along with non-Hispanic Black men, have the highest consump-
tion of SSBs when examined by ethnicity [6]. Further, across all eth-
nicities, the 20–39 year old male age-sex group has the highest 
consumption of SSBs [6]. 
Recent studies have looked at the acute effects of SSBs on healthy 
individuals of various ethnicities and found that there is a strong cor-
relation between the increased consumption of sugar drinks and endo-
thelial dysfunction [7–10] an important pre-clinical marker of CVD 
[11]. In the most comprehensive examination [8], macro and micro-
vascular responses were measured utilizing flow-mediated dilation and 
acetylcholine iontophoresis. Previous studies in our lab utilized the 
forearm reactive hyperemia test to examine the acute effect of SSBs on 
microvascular function in young healthy Caucasian adults and found no 
significant change in microvascular function [12]. 
Despite the high consumption rates of SSBs by Hispanic males, the 
high prevalence of related diseases [4,13,14], and support for a role of 
vascular function linking these together, this ethnic subgroup has not 
been directly studied. Thus, we sought to test the hypothesis that acute 
consumption of SSBs impairs microvascular function in a group of 
Midwestern Hispanic males. 
2. Methods 
2.1. Subjects 
After approval by the University of Dayton Institutional Review 
Board and written informed consent, ten healthy, non-obese Hispanic 
males between the ages of eighteen and forty-five who were non- 
smokers, and not hypertensive (<140/90 mmHg), separately reported 
to the lab on one occasion for the 3-h protocol. Inclusion criteria 
required subjects to either be foreign-born Latinos/Hispanic (no subjects 
had non-Spanish speaking ethnicities) or have both parents be foreign- 
born. Recruitment efforts were performed in both English and Spanish 
language. 
2.2. Experimental Environment 
Subjects were instructed to fast overnight (12 h), refrain from 
drinking caffeine for 12 h and abstain from exercising for 24 h. All of the 
experiments were performed in a temperature controlled Integrative 
Human Physiology Laboratory (21–22◦ C) in the supine position. Body 
composition was assessed via Bioelectric Impedance Analysis technol-
ogy (Tanita DC-430U Dual Frequency Total Body Composition 
Analyzer). Subjects rested for 30 min, then completed the pre- 
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consumption reactive hyperemia (RH) trial. The protocol included three 
RH trials: pre-consumption, immediate post-consumption, and 1-h post 
beverage consumption. Each trial was divided into three timepoints: 
baseline (3 min), occlusion (5 min), and recovery (3 min). After the pre- 
consumption trial subjects were raised to a seated position and given 5 
min to consume the SSB (See Fig. 1). After completion of the beverage, 
the immediate RH trial occurred. One hour after completion of this trial, 
the third and final RH test was performed. 
2.3. Blood glucose and cholesterol 
Aseptic technique and a lancet were used to obtain blood samples 
(~40 μl) for the cholesterol, HDL, triglycerides, and blood glucose panel 
(PTS diagnostics lipid panel) prior to the pre-consumption RH trial. 
These were measured via a CardioChek device (Polymer Technology 
Systems, Indianapolis, Ind). Glucose measurements were repeated 
immediately post consumption and 1-h post consumption via a Gluc-
ometer (Contour Next EZ Blood Glucose Meter) using a 1.8 mm spring 
loaded lancet (Unistik 3 Normal) for the blood draw. 
2.4. Systemic hemodynamics 
Systemic hemodynamics were measured throughout the experiment. 
Heart rate was obtained using a 3 lead ECG (Power lab, AD Instruments). 
Blood pressure was measured on the finger using beat-to-beat photo-
plethysmography (Nova, Finapres, Netherlands). Calibration via upper 
arm cuff occurred during each trial. 
2.5. Beverage 
Subjects were given 5 min to consume a 24-ounce water beverage 
that was sweetened with 65g of a 55% fructose, 45% glucose mixture (to 
mimic the concentration of HFCS in Coca-Cola products [15]. The 
beverage was also flavored with one serving (~4 drops) of lemon juice, a 
beverage solution used in previous investigations [16]. 
2.6. Forearm blood flow 
Forearm blood flow (FBF) was measured using venous occlusion 
plethysmography with mercury-insalistic strain gauges. A blood pres-
sure cuff was placed around the subject’s wrist and inflated to a supra-
systolic value of ~200mmHg to occlude inward and outward flow of the 
hand in order to isolate the forearm vasculature for measurement. 
Another cuff was placed superior to the antecubital fossa on the same 
arm. This cuff cycled from inflated at ~50 mmHg for a span of 7 s to 
deflated for 8 s. Forearm vascular conductance was calculated by FBF/ 
MAP x 100 and was used to account for mean arterial pressure [17,18]. 
2.7. Reactive Hyperemia 
After measurement of baseline FBF, the cuff on the upper arm was 
rapidly inflated to 200 mmHg for 5 min of transient ischemia. Blood flow 
was measured immediately prior and immediately following cuff 
deflation. This location and duration of ischemia is chosen to mimic the 
reactive hyperemia (RH) protocol utilized in previous studies [12,17, 
18]. After 5 min, the cuff was rapidly deflated and flow measures 
commenced with an initial cycle of 4 s of inflation and 3 s of deflation for 
56 s before returning to the baseline FBF procedure of 7:8 s for ~2 min. 
Previously, this design has been utilized to investigate various endo-
thelial–derived vasodilator pathways [17,18]. Peak forearm blood flow 
(FBF) and area under the curve (AUC) (Fig. 3) were calculated from the 
dynamic reactive hyperemic response over a span of 150s after the 
5-min occlusion (Fig. 2). 
2.8. Statistical analysis 
Repeated measures ANOVA was used to investigate changes over 
time during the experiment. Tukey’s post-hoc testing was used to 
determine specific pairwise comparisons via Prism 8 software. Signifi-
cance was set a priori at P < 0.05. Data are presented as mean ± SD. 
3. Results 
3.1. Subjects characteristics 
Subjects (age: 22 ± 2 years; height: 180 ± 9 cm; weight: 84 ± 11 kg) 
were first or second generation from a variety of Hispanic cultures 
including: Chile, Colombia, Cuba, Dominican Republic, Mexico, 
Nicaragua, Puerto Rico, and Spain. All subjects chose to complete study- 
related paperwork in English. Blood lipids were within normal range 
and additional subject characteristics are presented in Table 1. 
3.2. Blood glucose 
The pre-consumption, immediate post-consumption, 1-hr post con-
sumption results were 102 ± 8 mg/dL to 102 ± 8 mg/dL to 95 ± 12 mg/ 
dL respectively. Mean blood glucose was not significant (p = 0.3101) 
across all trials. 
3.3. Systemic hemodynamics 
Systemic hemodynamics are presented in Table 2. Immediately 
following SSB consumption there were slight, but significant elevations 
in both heart rate (HR; 57 ± 12 vs 59 ± 11 bpm; p = 0.0015) and mean 
arterial pressure (MAP; 74 ± 16 vs 79 ± 8 mmHg; p=<0.0001). 
3.4. Reactive hyperemic response 
Dynamic mean reactive hyperemic response (all flows acquired) is 
presented in Fig. 2 while the peak (greatest magnitude) and total FBF 
(area under the curve) responses are presented in Fig. 3. Peak FBF 
immediately after consumption (19.9 ± 10.3 mL/100 mL/min) was 
lower, although not statistically significantly so, than pre-consumption 
(26.3 ± 10.1 mL/100 mL/min; ANOVA p = 0.13). The 1-hr post- 
Fig. 1. Experimental timeline. SSB= sugar-sweetened beverage, RH = reactive hyperemia.  
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consumption peak RH FBF (34.3 ± 18.2 mL/100 mL/min) was non- 
significantly greater than the immediate post-consumption trial (p =
0.07). Changes were similar for Peak FVC and are shown in Fig. 4. Total 
FBF AUC for the pre-consumption trial (100.4 ± 31.1 mL/100 mL) was 
significantly different from the immediate post-consumption trial (66.2 
± 37.2 mL/100 mL; p = 0.04) but not the 1-h post consumption trial 
(127.8 ± 58.9 mL/100 mL; p = 0.21). immediate post-consumption trial 
was significantly lower than 1-h post-consumption trial (Fig. 3B; p =
0.009). 
4. Discussion 
In the present study, acute SSB consumption acutely impaired 
microvascular function in Hispanic males, as measured by forearm 
reactive hyperemia. Specifically, total FBF (area under the curve) was 
significantly lower than pre-consumption, and the impairment in peak 
Fig. 2. Mean ± SD forearm blood flow over time following release of 5 min of upper arm occlusion, as measured by venous occlusion plethysmography. Reactive 
hyperemia trials occurred pre, immediate post-, and 1-h post consumption of a sugar-sweetened beverage in 10 young, healthy, Hispanic males. 
Fig. 3. Peak (individual in grey lines, mean in black bars; A.) and Total (area under the curve; mean ± SD; B.) forearm reactive hyperemia in response to 5-min 
occlusion pre sugar-sweetened beverage consumption, immediately following consumption, and 1-hr post consumption in Hispanic males (n = 10). *P = 0.01 vs 
pre-consumption, †P = 0.04 vs immediate. 
Table 1 
Demographic characteristics of study participants (N = 10).  
Characteristic Mean (SD) 
Age (years) 22 (2) 
Height (cm) 180 (9) 
Weight (kg) 84 (11) 
BMI 26 (4) 
% Body Fat 16 (8) 
Cholesterol (mg/dl) 135 (30) 
HDL (mg/dl) 49 (9) 
Triglyceride (mg/dl) 104 (41)  
Table 2 
Systemic hemodynamics.  














57 (12) 85 (7) 123 (8) 67 (8) 
Immediate Post 
Consumption 
59 (11) 88 (6) 125 (6) 69 (8) 
1-Hour Post 
Consumption 
62 (11) 88 (7) 123 (7) 70 (7)  
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FBF approached statistical significance. Interestingly, 1 h following 
consumption, function was normalized and the attenuation in response 
observed immediately following consumption did not coincide with an 
observable acute hyperglycemic response. 
The ethnicity-specific findings in the present student align with those 
of Loader et al. in a mixed population [8] yet differ from our previous 
work in a Caucasian-only population [12]. In our previous work [12], 
there was no significant impact of acute SSB consumption on micro-
vascular blood flow. While a limitation of the present study is that we 
did not direct compare responses to a non-Hispanic population, it is 
possible that there is an increased sensitivity to SSBs in the presently 
studied group. Regarding systemic responses, HR and MAP increased 
slightly, but statistically significant, immediately following SSB con-
sumption similar to previous reports [19,20]. 
Observable hyperglycemia was not present in the current study, 
despite a significant fructose-glucose load. It is possible this is attribut-
able to the use of whole blood measures versus plasma or serum [21]. 
Another possible explanation is that despite instructions to maintain 
minimal movement, contraction mediated glucose uptake occurred 
[22]. Given a lack of significant change in measured glucose levels, we 
did not include any multivariate or correlational analysis of glucose 
levels and vascular responses. Had we been able to measure glucose 
levels continuously, this approach could have been warranted. Howev-
er, if anything, impairments in vascular function despite observable 
hyperglycemia indicate we may be underestimating the detrimental 
effect of SSBs consumption on vascular function. 
We did not collect past and current intake of SSBs to explore whether 
long term consumption habits have an impact on the acute response of 
the vessels. Given the prevalence of high SSB consumption in this pop-
ulation, future studies should address whether this impacts the acute 
response and whether interventions to decrease consumption would 
improve vascular function. 
The present population of Hispanic men was slightly overweight, 
based upon BMI. However, in our previous work [15] the subject pop-
ulation was also on the upper range of normal adiposity (25 ± 1) and did 
not demonstrate impaired vascular responses post consumption. Thus, 
we do believe that the present findings are representative of the Hispanic 
male population, rather than a confounding effect of obesity. 
The present study demonstrates an impaired vascular responsiveness 
in Hispanic males following consumption of an SSB. Given the preva-
lence of CVDs and the high consumption rates in this population, the 
findings of this study provide an initial mechanistic understanding of the 
relationship between SSBs and CVD in this at-risk population and should 
spur future interventional research. 
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